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ABSTRACT
Cerebralpalsyisagroupofneurologicaldisordersthatimpairbodymovement,muscle
coordination,hearing,vision,andcognitivefunction.Symptomsvarybutcanincludemuscle
weakness,muscleandjointtightness,abnormalorunsteadygait,seizures,learningdisabilities,
speechproblems,aswellashearingorvisionproblems[1].Althoughcerebralpalsycannotbe
cured,treatmentssuchasphysicalandoccupationaltherapycangreatlyhelpaffectedchildren
developmotorskillsneededtoincreasemobilityandfosterindependence[2].Computerbased
therapygameshaveshownpromiseinhelpingstrokesurvivorsrecoverfromstroke[3].
Initially,stroketherapygamesdevelopedinLookingGlassutilizedNintendoWiiremotes
(informallyknownasWiimotes)tosenseuser’smovements.Challengesunfoldedwithstroke
patientswhowereunabletograspWiimotes,therebylimitingandinhibitinggame
developmentandtheuserexperience[3].Inthispaper,Idescribemyeffortstointegratethe
MicrosoftKinectwithLookingGlassandbuildtherapygamesthatutilizetheKinecttotrackuser
movements.IdetailtheKinectintegrationanddiscussitsadvantagesofseatedskeletal
trackingwithnohandhelddevicesrequiredbytheuser.

INTRODUCTION
Individualswithmotorimpairmentsoftenrequireyearsofrehabilitationtherapy,however
theseindividualsoftenstrugglewithmotivationtoperformrepetitioustherapyexercises
[8].Personswithcerebralpalsyneedthisongoingtherapytopreventmuscleatrophyand
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increaseselfcareskills[1,7].Inastudyofover300strokesurvivorswithmotorimpairments,
only31%reportedperformingtheirrecommendedrehabilitationexercises[4].Thebenefitsof
traditionalrehabilitationexercisesarenotimmediate,andfindinglastingmotivationtoperform
numerousandmonotonoustherapyexercisescanbedifficult.Thelevelofmotivationvaries
frompersontoperson,andthiscanhaveadirectimpactontheresultsofrehabilitation[9].

Videogamesareseenasapossiblesolutiontothemotivationproblemforsomeindividuals.By
theirverynature,videogamesarefunandthereforeintrinsicallymotivating[28].Theyprovide
instantfeedbackandgratification,aretypicallydevelopedwiththemesthatpiqueuser’s
interests[23].Videogameshavebeenenjoyedextensivelyfordecadesprimarilyfor
entertainmentpurposes.Additionalbenefitsofmainstreamvideogamesaresometimes
overlooked.Somecommercialvideogamespromotestrategicthinking,cooperation,
communication,andmultitasking[29].Thelatestgamingsystemshaveevolvedtoinclude
playermovementsaspartofthegamingexperience,andthesegamescanhavephysical
benefitsaswell.

Inrecentyears,researchershaveexploredusingvideogamesandsystemsfortherapeutic
purposes[8,14].Asgamecontrollershaveevolvedfromhandheldjoysticksandbuttonsto
sensorsandcamerasthatdetectbodypositionandmovement,thereisanabundantpotential
ofemployingvideogamestorehabilitatepersonswithmotorimpairments[8].Thatsaid,
commerciallyavailablevideogamesinvolvingfullorpartialbodymovementsuchasKinect
AdventuresandNintendoWiiSportscanbetoochallengingforsomedisabledindividuals,
requiringlevelsofspeedandaccuracynotpossessedbythosewithmotorimpairments[8].


Computerbasedtherapygamesshowpromiseinmotivatinguserstoperformmore
rehabilitationexercisesresultinginincreasedstrengthandfunctionality.Videogamesthat
utilizebodymotionsensorsinsteadofjoystickscanincorporaterepetitivetherapyexercises
intoanintriguingandstimulatinggamingenvironment.Therapygamescanadapttousersof
differingabilitiesandallowforslowerreactiontimes,limitedrangeofmotion,reducedmuscle
strengthandcoordinationascomparedwithmainstreamgamesdevelopedforindividualswith
fullmusclefunctionality.Multiplayergamescanbedevelopedtoincreaseusers’motivationsto
performtherapyexercises[6,13].Usersperformtherapymovementsinordertoachievethe
goalsofthegame,therebymotivatingindividualstoperformmoretherapyexercisesthanthey
otherwisewould.


Theresultsforusingcustomizablevideogamesfortherapyexercisesarepromising.Research
suggeststhatindividualscanimprovemotorcontrolusingcomputerbasedtherapygames.One
studyprofiledawomanseventeenyearspostͲstroke.Thestudycitedbothquantitativeand
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qualitativeimprovementsinthewomaninsixweekstimeincludingincreasedrangeofmotion
andimprovementsinherabilitytoperformdailytasks[12].Anotherstudyfocusingonan
adolescentwithcerebralpalsycitedimprovementsinvisualͲperceptualprocessing,postural
control,andfunctionalmobilityweremeasuredafterusingtheWiiforrehabilitationpurposes
[10].Anotherstudyfocusingonyoungadultswithcerebralpalsyshowedanincreasein
motivationtoparticipateinrehabilitationexerciseswhenusingaKinectbasedrehabilitation
system[5].Yetanotherstudyfocusingonadultswithcerebralpalsywhohadpreviously
abandonedtheirrehabilitationplansfoundthattheydidnotabandonatherapyprogrambased
onvideogames,andevenexpressedinterestincontinuingthistherapyafterthestudy[11].


LookingGlass,aprogramminginterfacethatdoesnotrequirepreviousprogramming
experience,canbeusedtobuildcustomizabletherapygames.Inthepast,thishadbeen
accomplishedusingtheNintendoWiimotewithsomesuccess.Withtheintroductionofthe
MicrosoftKinect,thepossibilitiesfordevelopingLookingGlassgamesformotorͲimpaired
individualssignificantlyincreased.ThispaperdiscussestheimplementationoftheKinectin
LookingGlasstoprovideanavenueforLookingGlassuserstodevelopcomputerbasedtherapy
gamesthatdonotrequireanyhandheldinputdevice.


BACKGROUNDONCEREBRALPALSY
CerebralpalsyisnonͲprogressiveandnonͲcontagious,andiscausedbydamagetothe
developingbrainduringpregnancy,infancy,orearlychildhood[7].Althoughinmostcasesof
cerebralpalsytheexactcausesareunknown,cerebralpalsyresultsfrominjuriesor
abnormalitiesofthebrain,whichusuallyoccurduringpregnancybutmayresultfrombrain
injuriesininfancyorearlychildhood.Symptomsvary,andmaybeprominentinoneorboth
sidesofthebody,canbemoresevereineitherthearmsorlegs,ormayinvolvealllimbs[1].
Cerebralpalsyisoneofthemostcommoncongenitaldisorders.Cerebralpalsyaffectsbalance,
musclecoordinationandcontrol,andmayleadtoinvoluntarymovements[20].Thefocusof
physicaltherapyforindividualswithcerebralpalsyisoftenrangeofmotionexercisesdesigned
tostretchmusclesandpreventcontractures,andrepetitiveexercisesdesignedtobuildmuscle
strength[8].Bothtypesofexerciseshelppatientsmaintainorimprovecoordination,mobility,
andindependence.

PROJECTGOALS
ThegoalofthisprojectistoenableLookingGlassuserstodeveloptherapeuticgames.Asa
steptowardsthisIintegratedtheMicrosoftKinectwithhandtrackingsupportandthencreated
twoexamplegamestoshowcasehandtracking.UsingtheKinecttotrackuserbodypositions
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andmovementsisadvantageousoverWiimotesbecauseusersneednotgraspacontrollerand
thereforewillnotbelimitedbyfinemotorskillrequirements.TheseKinectbasedsample
computertherapygameswillserveasaproofofconceptforcontinuedresearchandtherapy
gamedevelopment.
AttainingthisgoalprovedtobechallengingbecauseLookingGlasswasbuiltusingJava,while
theKinectforWindowsSDKenablesdeveloperstocreateapplicationsinany.NETlanguage
suchasC#,VBorC++.ThisprojectinvolvedresearchingwaystointegratetheKinectwith
LookingGlass,buildingneededeventsandlistenersfortheKinect,anddevelopingtherapy
gameswhichgatheruserdatawiththeKinectandmoveobjectsinLookingGlassindirect
responsetousermovementsandbodyposition.

XBOX360KINECTTECHNOLOGY
Microsoft’sXboxKinecthasforeverchangedgaming,creatinganenvironmentwhereno
controllerorremoteisneededandtheplayerbecomesthecontroller[15,16].TheKinectisan
inputsensorthatwasdevelopedfortheXboxgamingsystemandforWindowsPC.InJuneof
2011,MicrosoftreleasedtheKinectforWindowsSDK1.0,allowingdeveloperstocreate
applicationsinany.NETlanguagefortheKinect.
InMayof2012,MicrosoftreleasedtheKinectforWindows
SKD1.5whichincludesjointtrackingforseatedmodeaswell
asstanding(default)mode[18,22].Seatedmodetrackingis
potentiallyveryusefulinatherapysettingwherepatients
maybewheelchairbound.Kinectseatedtrackingfeaturesa
tenjointtrackingsystem.Seatedtrackinggathersdataforthe
tenupperbodyjoints:rightwrist,righthand,rightelbow,
rightshoulder,centershoulder,leftshoulder,leftelbow,left
hand,leftwrist,andhead,anddoesnotcollectdatafromany
lowerbodyjointsthatmightbeoutoftheKinectcamera’s
viewsortoodifficulttodistinguishbecauseoftheuser’sseated
position.Standingmodetracksthetenupperbodyjointsas
wellasthefollowingtorsoandlowerbodyjoints:rightfoot,
rightankle,rightknee,righthip,centerhip,lefthip,leftknee,
leftankle,leftfootandspine[21].

FIGURE1:
KinectJointTracking
StandingModeand
SeatedMode[21]
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FINDINGJNECT
LookingGlassiswritteninJavawhiletheKinectforWindowsSDKallowsdeveloperstouseC++,
C#orVBtowriteKinectapplications.Thisposedanintegrationproblembetweenthetwo.I
firstexploredopensourcesolutions,includingOpenKinectandOpenNI/NITE.OpenKinect’s
libfreenet,whichbeganasareverseͲengineeredhackforthekinectthatwasavailablemonths
beforeMicrosoftreleasedtheKinectSDK[27].OpenNIframeworkprovidesaninterfaceto
sensorsincludingtheKinect,andNITEmiddlewarecanbeusedtoworkwithKinectsensordata
[17,27].Althoughtheseopensourcesolutionscouldprovideamoredirectpathwaytocoding
applicationsfortheKinectinJava,noneofthesesolutionscancurrentlycompetewiththe
functionalityofferedbytheKinectforWindowsSKD1.5,whichincludesseatedskeletal
tracking.Forthepurposeofthisproject,whichistousetheKinectsensorinatherapygaming
environmenttotrackmovementsofanindividualwithcerebralpalsy,itwasdeterminedthat
seatedtrackingcapabilitiesaredesiredsincesomeindividualswithcerebralpalsyare
wheelchairbound.
JnectisanEclipsepluginthatbridgesJavaandtheMicrosoftKinectSDK.JnectprovidesaJNI
wrapperthataccessestheKinectforWindowsSDK1.5[19].UsingJnect,applicationscanbe
builtinJavathatcantakefulladvantageoffunctionalityoftheWindowsSDKincludingboth
standingandseatedskeletaltracking.TheissuepresentedwithusingJnectisthatJnectwas
originallydevelopedtobeanEclipsepluginandtoonlyrunwithinEclipseasanEclipse
Application.
BeforeJnectcouldbeintegratedwithLookingGlass,Jnecthadtobemodifiedsothatitcould
runasastandaloneJavaApplicationratherthanrequiringtheEclipseruntimeenvironment.
ThiswasaccomplishedbyalteringJnectsothatitcouldrunwithoutanydependenciesonthe
Eclipseruntimeplatform.SinceJnectwasdesignedasaplugin,whenitlauncheswithinEclipse
itisdesignedtomakecallswithintheEclipseruntimetodetermineplugininformation.I
modifiedthesecallstoretrieveplugininformationdirectlyfromthepluginfromitslocation
withintheLookingGlassworkspaceratherthanlookingforbundleinformationintheEclipse
runtimeenvironment.Also,JnectretrievedpluginextensioninformationintheEclipse
runtime.Thiscodehadtobemodifiedtoretrievethispluginregistryinformationdirectlyfrom
thepluginfromitscurrentlocationratherthanthroughtheEclipseruntimesystem.
OncethesedependenciestoEclipsewereresolved,IwasabletorunJnectasaJavaApplication
withinEclipse.IwasalsoabletoexportJnectandrunitasastandalonejarfiletoshowthatall
Eclipseruntimedependencieshadbeenalleviated.Thenextstepwastodeterminehowto
bestintegrateJnectandLookingGlass.
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INTEGRATINGJNECTWITHLOOKINGGLASS
LookingGlassisafreeware,educationalsoftwareprogrammingenvironmentaimedathelping
middleschoolagedchildrenlearnhowtoprogram[24,25,26].LookingGlassiswrittenin
Java,andprovidesuserswithafunprogramminginterfacethatallowsthemtoquicklycreate
shortanimatedvideos[26].LookingGlasscanalsoserveasadevelopmentenvironmentfor
personswithoutanyprogrammingexperience,suchasphysicalandoccupationaltherapists.
LookingGlasshasbeenusedtocreatetherapygamesforstrokesurvivors,usingWiimotesas
inputsensors[3,12,26].Wiimotesprovedtobedifficultforsomestrokesurvivorstouse,as
someindividualswereunabletograspandholdtheWiimote.Asolutionwastostraponeor
moreWiimotestotheuser’supperextremities[3].Aproposedbettersolutionistousethe
KinectsensorastheinputdevicefortherapygamesbecausetheKinectsensorcapturesthe
user’spositionandmovementswithoutaremoteorcontrollertherebyeliminatingany
requirementsoftheusertograsporholdasensor.
Jnect’scodebaseallowsfulluseoftheKinectforWindowsSDK1.5usingJava.Inorderto
integrateJnectintoLookingGlass,aKinectListenerneededtobeaddedtoLookingGlassin
ordertorecognizeKinectevents.TheKinectMotionListenerresidesinLookingGlasstodetect
Kinectevents,andistiedinwiththeexistingeventlistenersysteminLookingGlass.When
creatingaKinectenabledtherapygameinLookingGlass,theKinectMotionListenermustbe
addedtothegame’sworld’sprocedurethatinitializeseventlisteners.AKinectenabled
methodshouldthenbeadded,suchasplayerRightHandorplayerLeftHand.Themethodshould
bemappedtoanobjectinLookingGlass(forexample,choosingtheUFOobjecttomovewith
theplayer’slefthandmovements),andthesensitivityfactor(discussedlaterinthispaper)
shouldbesetfrom1to10.TheKinectMotionListenerrecognizesanyKinectmotion,andasit
firestheKinectEventcreatesabodymodel.CreatingabodymodelallowsJnecttogather
skeletontrackingdata(viatheKinectforWindowsSDK1.5).Usingthebodymodel,Looking
Glasscanthenretrieveandusejointdataforanyoralljoints,suchastherightorlefthand.
ThebestwaytoseamlesslyintegrateJnectwithLookingGlasswastobuildanabstractionlayer.
IntheLookingGlasscodebaseforthisproject,JnectsitsoutsideofLookingGlassandthetwo
arebridgedbytheabstractionlayer.WhenagameinLookingGlassisplayed,theprogram
startupclassesinLookingGlasscalltheKinectControllerintheabstractionlayertostartthe
Kinectandstartskeletaltracking.IfagameinLookingGlasshasaddedtheKinectMotion
Listenertobeinitialized,theKinectHandlerinLookingGlasswillbecalledtoaddthelisteneras
thegamestarts.Assoonasthegamebegins,theKinecteventcreatesabodymodelbycalling
Jnect,andtheKinectmethodsareimplemented(forexample,theuser’slefthandmovements
areimmediatelyreflectedbytheUFOintheLookingGlassgame).TheKinectControlleralso
addsaGestureDetectorListener(alistenerthatresidesintheabstractionlayer),whichlistens
foranymotion.Asthislistenerdetectsmovements,thebodymodelthatwascreated
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continuouslyretrievesnewjointdatafromJnect.Thebodymodelisusedaccordingtothe
methodsinLookingGlasstomoveanobjectorobjectsaccordingtotheuser’smovements.
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FIGURE2:
LookingGlass,Jnect,andtheAbstractionLayer
OverviewofJnect’sintegrationwithLookingGlass



GAMESDEVELOPED
TodemonstratethepossibilitiesoftherapeuticgamesthatcanbedevelopedutilizingKinect
jointtracking,Icreatedtwoexamplegamesthatexhibithandtracking.Therapyexercisesfor
individualswithcerebralpalsyoftenfocusonmaintainingorincreasingrangeofmotion,muscle
strength,andcoordination[8].Bothsamplegamespresentwaystoemployhandjointdatato
assistpersonswithmotordisabilitiesinworkingtowardsthesecommontherapygoals.
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ThegameAlienRobotversusUFOsutilizesthelefthandjointdatafromtheKinect.The
purposeofthegameistohelptheuserincreasetherangeofmotionintheirleftshoulder.In
thisgame,theuser'slefthandmovementsareimmediatelyreflectedinthemovementsofan
alienrobot.ThereareseveralUFOsonthescreen,andthegoalofthegameistohiteachUFO
onetime.TheUFOsareplacedinstrategiclocationsonthescreentoencouragetheuserto
performleftarmmovementswiththeirfullrangeofmotion.AstheyhiteachUFO,theUFO
disappearsandthescoreincrementsbyone.TheuserwinsthegamebytouchingeveryUFO
once.
ThegamePaintingtheRosesRedutilizesbothrighthandandlefthandjointdatafromthe
Kinect.Theprimarypurposeofthegameistohelptheuserincreasecoordinationskills.This
gamewillalsoaidinbuildingmusclestrengthaswellasrangeofmotionforbothshoulders.
Theusercontrolstwoplayingcardcharacters,onewiththeirrighthandandonewiththeirleft.
Asthewhiterosesappearonthescreen,theusertouchesthemtopaintthemred.Tobuild
coordinationskillsandtoencourageuseofbothhands,therosesonthelefthalfofthescreen
requiretheusertotouchwiththeirlefthandwhiletherosesontherighthalfofthescreen
requiretheuser’srighthand.Touchingeachwhiterosescoresonepoint,andtouchingallroses
allowstheusertowinthegame.
LookingGlassuserscanusetherightandlefthandtrackingmethodstocreatetheirown
therapygames.Thesesamplegamescanserveasstartingpointsandcanbeexpandedinto
moreextensiveorcustomizedgames.TheexamplegamescanalsobeusedtohelpLooking
Glassusersconceptualizenewgamesanddevelopthemfortheirownspecificpurposes.

GAMECALIBRATIONFEATURES
Bothgamescanbeadjustedforpersonsofdifferingabilities.Beforelaunchingthegame,a
valuecalledthesensitivityfactorcanbechangedfrom1to10.Asensitivityfactorof1is
appropriateforuserswithafullrangeofmotion,whileavalueof10issuitableforuserswitha
verylimitedrangeofmotion.Values2through9canaccommodateindividualswithmotor
skillsbetweenthesetwoextremes.Asthesensitivityfactorincreases,thejointdatagathered
bytheKinectismagnifiedsothatasmallmovementbytheuserproducesalargermovement
onscreen.Therefore,asthesensitivityfactorisincreased,lessmobilityisrequiredtocomplete
thegoalsofthegame.
Bothgamesautomaticallyadjusttherangeofmotionfordifferentsizedusers.Atthebeginning
ofeachgame,dataisgatheredtodeterminetheuser’sarmlengthusingtheirshoulderjoint
andhandjoint.Usingthearmlengthdataandthescreendimensions,theuser’sonscreen
rangeofmotionisadjusted.Thegamecanautomaticallyadaptforchildren,smalladultsand
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talladults.Thegamestakeintoaccounttheapproximatesizeoftheuserandmagnify
movementsforsmallerusers,andminimizemovementsforverytallusers.
Bothgamesautomaticallycentertheuserbasedonthepositionoftheircentershoulderjoint
(thepointdirectlybetweentherightandleftshoulderjoints).Thisallowstheuser’shand
motionstobeatthecorrectpositionaccordingtothegameeveniftheyarestandingorsitting
offcenteraccordingtotheKinectcamera’sview.
Finally,bothgamesminimizeonscreenjitterandsmoothmovementsasmuchaspossible
withoutnoticeablyincreasinglatency.Thedisadvantageofmappingfromasinglejointdata
pointtoaLookingGlassobjectissomenoticeableonscreenjitter.Thishasbeenreducedby
takingtheexponentialweightedaverageofafewdatapointsatatimefortherelevantjointto
determinetheresultingpositionoftheobjectinLookingGlass.Thishelpsreducetheeffectsof
extraneousdatapointsthatwouldotherwisecausetheobjectinLookingGlasstomove
suddenlyorunexpectedly,andresultsinsmooth,predictablemovements.

PRELIMINARYEXPLORATIONSOFBODYTRACKING
HandtrackingisagoodutilizationofKinectjointdatatocreategamesthattargetupperbody
rangeofmotionandcoordination.ThenextstepbeyondmappingtheKinectdatafromasingle
jointtoaLookingGlassobjectistotranslatetheKinectdatafromallbodyjointstothejointsof
aLookingGlassbiped(twoͲlegged)character,resultinginfullbodyanimation.Ihavebegunthis
workbyanimatingtherightandleftarmsofLookingGlassbipedcharacters.Thisprovedtobe
achallengingfeatbecausethedatacollectedbyJnectfromtheKinectisabsoluteforeachjoint,
whileLookingGlassanimatescharactersusingrelativejointdata.TheKinectgathersx,y,andz
valuesinKinectcameracoordinatesforeachbodyjointindependentofanyotherjoint.When
LookingGlassanimatesabipedcharacter,eachnewjointpositionofthecharacterisbasedon
thejointpositionrelativetothepositionofnearbyjoints.
InordertoanimatethearmsofaLookingGlassbipedcharacter,Kinectjointdatamustbe
collectedandtranslatedintovaluesusablebyLookingGlass.Forexample,theKinectreports
independentabsolutejointdatafortheleftshoulder,leftelbow,lefthand,andleftwrist.
LookingGlassusestherelativepositionofeachjointtodrawthemovingcharacter.Todraw
theleftshoulder,LookingGlassusestheKinectdatafortheleftshoulderandtheleftelbow
becauseitanimatestheleftshoulderrelativetotheelbow.Todrawtheleftelbow,Looking
GlassusestheKinectdatafortheleftelbowandlefthand,andsoonforeachjointineacharm.
Continuedworkisneededtocorrectlyanimatethetorsoandlowerlimbs,andtocorrectly
rotatealljointsthroughfullbodymovements.
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DISCUSSIONANDFUTUREWORK
CompleteutilizationofKinectjointdatainLookingGlasswillresultinfullyanimatingaLooking
Glassbipedcharacter.Afullyanimatedcharactercanthenbeusedtoreflectusermovements
andbodyposition.Finally,therapygamescanbedevelopedinLookingGlassthatusefully
animatedcharacterastheplayer.FutureworkbytheLookingGlassresearchgroupmay
includebuildingontheworkthathasbeendonetoanimatetheupperlimbsoftheLooking
GlassbipedcharacterswithKinectdataintofullyanimatedcharacters.Thismayresultina
morecompleteuserexperience,andincreasedpossibilitiesfortherapygamedevelopment.
FutureworkbytheLookingGlassteammayalsoincludeaccessingKinectdataformorethan
oneskeletonsothatthejointdatafrommorethanoneuseratatimecanbetrackedandused.
OncethedatafrommorethanoneskeletoncanbetrackedandutilizedinLookingGlass,the
possibilitiesformultiplayergamescanbeexplored.Developingtwoplayertherapygamesfor
collaborativeplaycanprovideindividualswithmotorimpairmentsameansforsocial
interaction[3].Multiplayergamesdevelopedfortwotherapypatientstoparticipatetogether
canlessensocialisolation[12].Multiplayergamescanprovideanavenueforthosewithmotor
impairmentstoplayalongsidetypicallyͲabledfriendsorfamilymembers[3].
ThepotentialforbuildingentertainingandpurposefultherapygamesinLookingGlassisgreat,
andthetwosamplegamesdiscussedinthepaperwillprovidealaunchingpadforKinect
integrationandtherapygamecreation.

ACKNOWLEDGEMENTS
IwouldliketotakethisopportunitytoexpressthankstothefollowingLookingGlassteam
membersandleaderswhosupportedmeincompletingthisproject.ThankyoutoKyleHarms
forhistime,help,supportandsuggestionsregardingthisproject.Iwouldliketoexpressthanks
tomyprojectadvisor,CaitlinKelleher,forherguidanceandadvice.ThankyoutoDennis
CosgroveforhelpanddirectionregardingLookingGlassanimation,andthankstoPaulCarleton
forsupportrelatingtoLookingGlassgamedevelopment.

REFERENCES
1. U.S.NationalLibraryofMedicine,CerebralPalsy.
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0001734/
2. Treatingcerebralpalsy:physicaltherapy.http://www.treatmentofcerebralpalsy.com/07Ͳ
physicalͲtherapy.html

 ǡ


ͳͲ

3. Alankus,G.,Lazar,A.,May,M.,Kelleher,C.,TowardsCustomizableGamesforStroke
Rehabilitation.Proceedingsofthe28thInternationalConferenceonHumanFactorsin
ComputingSystems(2010),2113Ͳ2122.
4. Shaughnessy,M.,Resnick,B.M.,andMacko,R.F.TestingamodelofpostͲstrokeexercise
behavior.RehabilitationNursing:TheOfficialJournaloftheAssoc.ofRehabilitationNurses31,
1(2006),15Ͳ21.
5. Huang,J.,Kinerehab:aKinectͲbasedSystemforPhysicalRehabilitation–APilotStudyforYoung
AdultswithMotorDisabilities.TheProceedingsofthe13thInternationalACMSIGACCESS
ConferenceonComputersandAccessibility(2011),319Ͳ320.
6. Hernandez,H.,Graham,T.,Fehlings,D.,Switzer,L.,Ye,Z.,Bellay,Q.,Hamza,M.,Savery,C.,
Stach,T.DesignofanExergamingStationforChildrenwithCerebralPalsy.Proceedingsofthe
SIGCHIConferenceonHumanFactorsinComputingSystems(2012),2619Ͳ2628.
7. Cerebralpalsy,Wikipedia.http://en.wikipedia.org/wiki/Cerebral_palsy
8. Geurts,L.,Abeele,V.,Husson,J.,Windey,F.,Overveldt,M.,Annema,J.,Desmet,S.Digital
GamesforPhysicalTherapy:FulfillingtheNeedforCalibrationandAdaptation.Proceedingsfor
theFifthInternationalConferenceonTangible,Embedded,andEmbodiedInteraction(2011),
117Ͳ124.
9. Maclean,N.,Pound,P.,Wolfe,C.,andRudd,A.TheConceptofPatientMotivation:a
QualitativeAnalysisofStrokeProfessionals’Attitudes.Stroke,33(2),(2002),444Ͳ448.
10. Deutsch,J.E.,Borbely,M.,Filler,J.,Huhn,K.,andGuarreraͲBowlby,P.UserofaLowͲCost,
CommerciallyAvailableGamingConsole(Wii)forRehabilitationofanAdolescentwithCerebral
Palsy.PhysicalTherapy88,10(2008),1196Ͳ1207.
11. MoyaͲAlcover,B.,JaumeͲiͲCapo,A.,Varona,J.MartinezͲBueso,P.,MesejoChiong,A.Useof
SeriousGamesforMotivationalBalanceRehabilitationofCerebralPalsyPatients.The
Proceedingsofthe13thInternationalACMSIGACCESSConferenceonComputersand
Accessibility(2011),297Ͳ298.
12. Alankus,G.,Proffitt,R.,Kelleher,C.,Engsberg,J.StrokeTherapythroughMotionͲBasedGames:
ACaseStudy.Proceedingsofthe12thInternationalACMSIGACCESSConferenceonComputers
andAccessibility(2010),219Ͳ226.
13. Ye,Z.,Hernandez,H.,Graham,T.,Fehlings,D.,Switzer,L.,Hamza,M.,Schumann,I.Liberiand
theRacerBike:ExergamingTechnologyforChildrenwithCerebralPalsy.Proceedingsofthe14th
InternationalACMSIGACCESSConferenceonComputersandAccessibility(2012),225Ͳ226.
14. Annema,J.,Verstraete,M.,Abeele,V.,Desmet,S.,Geerts,D.,Videogamesintherapy:a
therapist’sperspective.Proceedingsofthe3rdInternationalConferenceonFunandGames
(2010),94Ͳ98.
15. KinectforWindows.http://www.microsoft.com/enͲus/kinectforwindows/
16. Xbox360+Kinect.http://www.xbox.com/enͲUS/kinect
17. KinectOpenSourceProgrammingSecrets.http://fivedots.coe.psu.ac.th/~ad/kinect/
18. KinectforWindowsSDK1.5.http://msdn.microsoft.com/enͲ
us/library/jj663803.aspx#SDK_1_5__DTK_1_5_0
 ǡ


ͳͳ

19. Jnect,AnEclipsePlugͲInprovidingaJavaAdapterfortheMicrosoftKinectSDK.
https://code.google.com/a/eclipselabs.org/p/jnect/
20. KidsHealthͲCerebralPalsy.http://kidshealth.org/parent/medical/brain/cerebral_palsy.html
21. TrackingModes:SeatedandDefault.http://msdn.microsoft.com/enͲus/library/hh973077.aspx
22. KinectforWindows1.5ReleasedwithFacial,SkeletalTracking.
http://www.pcmag.com/article2/0,2817,2404694,00.asp
23. Poels,K.,deKort,Y.,IJsselsteijn,W.“Itisalwaysalotoffun!”:ExploringDimensionsofDigital
GameExperienceUsingFocusGroupMethodology.Proceedingofthe2007Conferenceon
FuturePlay(2007),83Ͳ89.
24. LookingGlass.https://lookingglass.wustl.edu/
25. Alice(software).http://en.wikipedia.org/wiki/Alice_(software)
26. CaitlinKelleher.http://www.cse.wustl.edu/~ckelleher/
27. Davidson,Andrew(2012).KinectOpenSourceProgrammingSecrets:HackingtheKinectwith
OpenNI,NITE,andJava.McGrawͲHill/TABElectronics.
28. Denis,G.,Jouvelot,P.MotivationͲDrivenEducationalGameDesign:ApplyingBestPracticesto
MusicEducation.Proceedingsofthe2005ACMSIGCHIInternationalConferenceonAdvancesin
ComputerEntertainmentTechnology(2005),462Ͳ465.
29. ABCNews:TheBenefitsofVideoGames.
http://abcnews.go.com/blogs/technology/2011/12/theͲbenefitsͲofͲvideoͲgames/

 ǡ


ͳʹ

